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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a perpendicular 
magnetic recording medium which is improved so as to 
be suitable for high-density magnetic recording and a 
magnetic storage device using this medium. 
SOLUTION: The backing magnetic film of a two-layer 
perpendicular medium is made to have two or more 
layers so that one of these layers is used as a keeper 
layer 17 for keeping the perpendicular magnetization and 
the others are used as the layers 13, 15 for increasing 
the recording efficiency of a recording head by 
separating the functions of the medium. The generation 
of noise is reduced by regulating the magnetization 
direction of soft magnetic film other than the keeper 
layer to the peripheral direction of a disk. 
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5 nmJilTlC**t!»Se>f?(»fctf)|c|BSat<b?iftm 

5*i*. Mje-rtBBtfy K»aMtA<SLM=rsj&oTfcy 
ttritimmt<&&tztb* ±<kLTfiiB<D3asA<iiHT?4o 
tG tota mm * *ix i . 

[0 0 0 3] SlSaftlBS*SCI*sSIBUfl£«:©BlffilcSfi 

@ttt*Eiil=il Lfci««:(0«jifc i: A<ffi35 * M.X t» 
aftttftEB#£l::ttJ|lBG>5Ktt{bK£fflliS£££: 
£KB<bflM::MTtt&IR£ttl*«:&£*<fc«. BlTKHi 
H«tto2||SKttftEft£{*£Jlll*«£«(*. 
IEEE Transaction on Magnetics. Vol.MAG-20, No. 5, S 
eptember 1984. pp. 657-662, "Perpendicular Magnetic 
Recording-Evolution and Future" lcEi££;ffCt^ 

tt£<MkWUMfr& fc£BfT«±l=C o - C r 
[0004] 

[*6BjMR*LJ:5i:-f*BH] 2 BB&ttftSB&tt 
£fflO£Sfi«*Eii**5ei:: * U40Gb/l n 2jJLt 
<0»Bft&SlE&A<aTB«:ttftEtt&B£ Bffif tf * f= 
*>l~l*. Btt/fXaXS*. Bftttflsftt&OBMHHft 

ffioit«&^jB0i^-y K(oiBfiaa^©iai±A^pr^r-fe 
[ o o o 5 ] -f xi*. natflsn t wtfrmmao 

Xfl)«li. W^lilEEE Transaction on Magnetics. Vo 
I.MAG-20. No. 5. September 1984. pp. 663-668. "Cruc 
ial Points in Perpendicular Recording" icEft^ft 

to*. c©j;atfP^Hic»LT. *rratt«<©Tajic 

B. Vol.21. Supplement No. SI. pp. 104-108. "3 US 

flMKttaft s/Nib&tfEftflHH>&£tt" ics**^ 

<fc3l-ffl36**fCt^iiA<. 40Gb/i n2)a±o>alSffi 
BttftBftft<?ttttaftBttttB * IIBIt*- « fc*>l=l* 

[0006] BBB4bfr&aBftflHHt£«ttB-*-«£ 
•CI*. 2ftBBttKfiftB{tllS*r*«cBttB*ftfe4: 

i**BSB«BE«MMt:i=tb<<-c isk 2 ««>A#3fijt 

Bttftfc*BaS«>Eft<N? KtBftBfelffettftBft 
STI*, Bft">? K<0BSJa*^fclf-6fctol=. E»^ 



[0 0 0 7] *BM©awi*, 2*£BilHKBBii{*£ 
*IffiIffi@A. y Kfr&&«ttftEftsaffB-Cfc*. 
( 1 ) aHMKMUBBtt. (2) EBB<b«^3S£roB 
(3) E»^«;/ K»**M«ur. «fc3fcjo<>e>©*£ 
ttlU tftoT HfeKT* ttttMc ■*«> /^XtRC 
Cil=«fcy, 4 0Gb/i n2ja_t(DB5 
& SffiJtB»ffiJ££3S£-r5fcto<OSl£»«EB»M* 
*««U BBBEBBSBBaBSiS&aft&LJb-S 

wtlCfeS. 
[0008] 

[BB*BB-*-«fetf>a>*B] «y-fX«tt. e»^ v 
K©KE«S6*14. EBbf«;/ h*£<DBf«#aj2ite£}# 
o8BBttBflUi{t*£a-*-«fe«l=*ati-ci*. IMtt 
tt»*±lcKJT»ttJSI$A LTSlSa^bl8l*<»lt 6*tf= 
aBBMEBtttfcCfcltT. «frattl8t*<'>fc< 
attHT?SLM=»ffl$*tf= 2BJfll±(Oe!aE14flt*#/0-u 
fc y . aBB1bBl=i&l *«a«tttttH;o<BKB<b 
*-$*«8te*-/<-B©&g!l£iglV BEflraElMftB 
BBOBftttBBttBtt*-' *-b t i*$mt(0^isi * j# 
t s»«£?-*as»«E«j«{*T«i*<k*iTos 

[O 0 0 9 ] 20£llttftEft&{*fcfelT£XfTtt1£j£ 
0>tt«i*» ( 1 ) I184tii:m$tif:ttft$$Sfb 

■fr*. (2) E8^»; K<0EB3a**Ji^*1±*. C<fc 
*BW#l4BB»t;*Bl=«fcy. »T«tttttt 

M*^©««T?#»<bf *cti=«fcy. ±Ei#a** 

[00 1 O] El XtfH 2 £#BL *BMI=«fe 
«BBttftBftlI{ta>*B£ttBI=ot'TKVr4-«. 0 
Hi4:Bffil=J:*£ltBftEttB(4:a>ffiBBAB. 02 
l±«Btt«<0B1b^|S]*^-r*<DA-A»f®**S&u: 
B-BBliaSS-C**. *38B8-ei*. BJT%tKK14BI 
©i*Bli'LT. BBB.<bnc:E»£*ifeB<b«££ 
ibZitZ 1 1 *liB«:BffiA^&»a-r*«<bBB*«»*: 
*li-*fi:W*J#ofc««ai4l«i COBteBlcm* 
TEB'n <y K0)EBJa**!t*l3|S|±-r *fctolcKl+*tt 
BBB1 3. 1 5A<SLMC#«14B1 6r'5}-B*4xTO 

[0 0 1 1] 2Baitai«:l=@^'&:X/<-(''9tt«)>''f X 
I*. **T*.<ftBttBtlcA-5atBlcBaL-ca6±-r-5Ci: 
*<*DP>*iTt>4. *f6BJ-ci*. H2I^-TJ:5IC. BfT 
*>tmte»0±§IBft££ft$lkK&ni 3. 150)11 
^7JIr12 0. 2 1 *SLMca»¥fri*1*, UA^ ; t»«1 
1 A<R««-Cfc**^l=li. «<b(D^iai$n«»l5<Dflg 
*rai=ffi9x-5. ffl*l6ll=fflE<b<D|plt^K3t-r'6^i:lcJ: 
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[0018] ttttte«(7>H£#»f *$m&ttftt LT 
its B, C, Mg, A I , Si. T i , V, C r , C 
u. Zr, Nb, Mo, Ru, Hf, Ta. W, Aufr 

S i 3N4, BN, B4C, NiO, A I 203, S i 
02. CaO, Zr02. M g Ofr bM&titzitafy&i L 

mn&mt Lr«sistJia)St>B, c, si, s 

13N4, BN. B4C, NiO. A I 2O3. S i 02. C 
[0 0 19] 

HSSv^* hP>*y^;/ *»lz<fc ot, El 1 0>«xC0lc 
^•TBf®«jS*l$o^|B^tt:^^SjLfeo S«1 1 
±l=, &&»tt*m<D Fe-50at%Mni12f5 
OnmSL #»ft)l1 3tttCo-5a t%Nb-5 
a t%Z rfit*5 0 nmff. ^ttttttftJI 1 4tLtC 
ui?3nm, Sl/«Ifti15iLtCo-5at% 
Nb-5a t%Z rl*5 0nml, 6 t L 

tCB*1 0nm«. MfltttKl 7<tLTia^WbA< 
1. 6T©Fe-8at%Si-10at%BB$30 

nm(D«*^iaL. *<D±\zmfemitmi at ur Co 

-2 0 t %C r-8at%Pt-3at %Bjg£2 5 n 
nru SS11 9£LT*-7tf>Bt£5nm<Dff£, £<D 
ilffT^figLfeo X/^7^(DA r ^E*$3mTo r 
r. X/^y^/^-2 0W/cm2, lSigJ$2 5 0 0 C 

o&ftT-i&mLtzo tsimte&ftv. mmmitmi aom 

Tlzm+tz&mimi 7$Fe-10a t %B-2 a t 
%C. F e-8 a t %B-2 a t %C-4 a t %S i , 
Fe-5a t%Ta-3a t %C. F e - 9 a t %S i 
~5a t%A 1—1 a t%N i, Co-5at%Fe- 
4at%C. Co — 6at%Fe-4at %B- 10a 

Ltz* 



[0 0 2 0] tfc«K»1 tLXs IJ300nmONi 
-2 0a t%Fo/^-TP-TO)mJl36 v t>^S*iTai4M 
&tf s y*&1&±lZtetitL. Co-20 t %C r - 8 a t 
%Pt-3a t%Bl$25nm, «SBt1 9tLX± 

frXttf&Ltzo J±«£K#2£LT\ it«K3^1lzfc^T 

&mmtt&&<DMiz&&m&tino> f e - 5 o a t % 
[0021] ttmLtcmmm%te&mi*<Dtem&m\z? 
n-otzo &mzm&mwkmmm\zmAL. ?<<xtm\z 

5 o°c^^^^T^*pt-^^<tic^oTK»*a&«ia 
stTofco *-ito3tmnmz*r>xmtmi<»mit<Di5 

ft&mmLtztZ* % JtRK^t^r^bOSffilf*^ 

[0 0 2 2] oivr% Ctit>(^K»a>K«^±1#1±*gB 

Kfl^V K(DF e-N i ^»«<D h^^lgttO. 5 
2|im. S^^E^ttlStffittjaaS (GMR) 

<7>h^y?ei*o. 4//m. i/— juKIMItto. oau 

m. *>>^f*0. O 2 /im<t Lfco 40 

0 k FC I 0«ftlBe*fffto^«^<D«»:<DS/N 
I*. ib«K*4K0S/Nf^-r^ffl**fili:Lr»ISL 
fee !5®^«fill*mifc«m*<D^^ft^<ilHftffiSD 
50* LT. f5^?«^ffif*it«K»1IZ»rS*i»m* 
tU400kFC ICOlB^iS^tti^^SLfco * 

tz. z.'Ut#io>S'(X0>m±mm&mfcL. 1 

■to 

[0 0 2 3] 
[*1] 
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l*0. 08//m, fflfetif(D*'<—: >><fl*0. 15//m 

t*0)W^ai*«llllcl*. E^fiSfllffitSSd*!! (gmr) 

(h^^^rao. 4//m, jistmmo. oa 

/im) S-X^— »^0. 15|/m^ffeffl^: 0 2 
5 0 k F C I &U:5 O O k F C I (D«»f5i8£fr fcofc: 

*±T?1 tfrr e^^T*¥g^fpJlC^l!)a?-fr-00. 10h 

7 ftfc y <^x/^ ^ y xa>»i l ta« ifc, u 

"To 

[0 0 2 9] &&m^<»m±mtik&mffl%<Dm&0>m 

0 k F C I 0)a^fiMfll^6 n mJa±-e. titz 2 5 0 k 
F C I <D»£f*fflt«;b< 1 2 n mJa±(DB$. i&j»glffi«{* 

fty, txm&T*bmiz&%&mteitomtfmtoz*itzo - 

*W»1£]iJt«*< 1 0 0nmJJl±f:Wi 1 0 h^^fflfc 

[oo3o] nftKSicteit^«sa>e^ h 

KBmi n. SlE&<b«<B¥^fiSftK<b£Ms£^ 
£<t. *BSfimbj»fzffi&Lf=«^J:yt1. 2 5f§ 
U±X$tj:n*£mJ3&»Z>tztolZlt. 0. 5Bmin- 

SJfWfSEM 0 0 nm^lzU& tT./UtWlS 4 X<» 

[0031] *fc. **jS6ffye^sfLfc»^iBSi«<*$- 

>^CD«ft|B«K«$^4SiLyco **«fB*§*ffil£5 0 0 
kBPI (Bit per Inch) , h7'^ffit80kTPI 
(Track per Inch) A N 6>&<baif5$ifc&l£4 OGb/i n 
2(D**-ex^-u-h 1 0-9^5S«-rj^. fiSffiSK 

[00 3 2] [^j56fll3] S§2. 5^f>f0^X« 

m+mmm&zft^mmm&Rmmi*£ftmLtzo 

Xfi|S«6 1±|^ *8ttCri6 2$1 Onmff, 5$ 
&t£C o - 2 1 a t%Cr-1 2at%Pt-2a t % 
T a Jg 6 3 £ 1 5n mJJ, WSBtttC o - 6 a t %N b - 
3a t%Zr«64^1 5 0nml, IMKttS i -1 5 
a t%B|65S8nmi, *H»14Fe-4a t %S i 



-3at%A lK66$40nmI, iR67 
£5 nmBU 3NK1tCo-3 5 a t %C r -1 5 a t % 
RuB68S5nmI, »tt»<bKCo-2 1 a t %G 
r-1 2a t %P t -2 a t%Tal69^20nm 
JS. Siaat^fbHCo- 1 7 a t %C r-1 6a t%P t 
j«7 0£2nmBU ««J8t±: LT*-7t?>«7 1$4n 

c c rat«ic5a^ffljici5itfc«t«tttBta)fla»«t^!ijstt 

1 t\ Sit^bKicisi^izi^ 

[0 0 3 3] WfB0>tt»ttFe-4a t%S i - 

3 a t 96 A I J&6 6 0>ftfc>y IC. U^^iSftaHbjtf 
1- 1 TJa±."Cfc3u C o — 5 a t %N b-2 a t %Z 
rJK. Co — 4. 5at%Ta-3at%ZrB, Co 
— 4 a t 96M.O — 3 a t 96Z rflt* C o — 4 a t %W- 
3at%Zri, Co-4 a t %N b-3 a t%H f 
SB* Co-3. 5at%Ta-2at%Hfl, Co- 
3at%Mo-3at%HfE Co-3. 2 a t %W 

-3at%H f m&mi-tz&fti*mm<Dm&£ft'Dmw. 

m&LK»&i*&ft$lLtzo 

[0 0 3 4] **fz. @6lcfcit&S»SEEHb«6 
9. 7 00)ftt>yjZCo-5 0 a t %P t$MM (fit 
»: 2 0nm) % Fe-50a t%P t«|R (li: 

2 0nm) . [(Co:2nm)/(Pt : Inm) ) 
1O*»J0L ( (Co - 1 6 a t %C r - 4 a t %T a : 
2 nm) / (P t : 1 n m) } lO^JWS* f (Co- 2 
Oat%Cr— 6at%B: 2nm) / (Pd: 1n 
m) } 10*»M, *S»Tb-1 2at%Fe-1 5a 
t %C oSEfflHbBt (ffllff : 2 5 n m) 

SWCfclvC* 0H*.f£ [(Co:2nm)/(Pt:1n 
m) } lO#JSffif*. 2nmI(DCoRt1nm|fl)Pt 
■aO*ftfc***ltl 0ffl»SLfc«j6T-fc&C££ 

[0035] f^siL/cSisatftie&^axftattt^ic^ 
>rx>?®*i6j(z^b*^-r^fctt)^ v mwmwkmz 

*f LTltfc £ *^cfc 5 fc^ ^ 4"t>«5(D?Llc*ft3l«l 
K#4<7>;^ffi* 3 0 0 °C* f>*;M*-e^fflf ^ C klz£r> 

xmm#&$kmziT<Dtzo ± -ascetic ^ or *xm 

[0O3 6] it^^LT, *«6 1±(C, filter 
»62$1 OnmflL SlffltttC o - 2 1at%Cr-1 
2at%Pt-2at%Ta|63Sl5 n mil. ttfit 
ttC o-6a t %N b — 3 a t%Z rR64^200n 
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[0 0 3 9] *2lC^$*LTt^«»J:3IC. *HJfiWCO«E 



Lfcft)SiJSfl*/s^ K-*JBk*fe 2 . 5 -f >*<Z>H«fE1g 
5SBLf=o 

[0040] rft«n*i4] wnzm-tmmm&zn-Dm 
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[oo44] mmm si rnbm 4 tmmtz. wnzm 

?KH«t**&7£ftRfteftKtt$fF8Lfc. IKS 
1. S-rv^ro^f^XSffi? Z±lzmt 1 0 nmO)F e 
-5 0a t%P tS8H£R7 3, IiTlnmO)Fe- 
25a t%N i«Httt£j&t7 4. I* 5 nm(?)C u#tt!4 
flt7 5, T2hm<OC o-6 a t %N b-3 a t % 
Z r(ft»tt||S7 6. j»$5nm0)S i 02#«ttR7 
7. JS£ 2 O nm©F e — 5 a t %T a — 1 Oa t %C 
SW8ttt]£7 8. J5£5 rim<DT i - 1 O a t %C r||7 
9. K£2Onm(0Co — 1 8 a t %C r — 1 2a t% 
Pt-1at%Si-3at 96BSfiHHbR8 O. IS* 
5 nm0*J-7K>«RR8 1 £flgfi6 Lfc->S(7>Slt8Sl 
ESHE&SflsffllLfc,, Fe-25at%Ni« 
8ttl73tCo-6a t%Nb-3 a t %Z r (Witt 
BI7 5(D*-*l-f*UDJl£ <T1. T2nm) $5nm~2 
OOn m©|SHT?£<b£l±fc. 

[0045] *sejfi««T?^t^=ttattfflia)fi&faWb<Dfii 

*»l£Lfc<fcC*u F e-2 5 a t%N i UtKttMiC 
o-6 a t%N b -3 a t %Z r ttKttffltOTfltl* 1 T. 
Fe-5a t %T a - 1 Oa t %C«?»tffl)g0>teli 1 . 

H«fcfttt-e«»+«*wi*ifiu «:Bti4si©BHb<D73 

A £ 2T5 X ¥ -r X * (D (5 ISffl fs [S] I z«E L fc . 
[0046] ttf* LfcSlt«Eftl5»jeitt:«>IB»lf ±^14 

fc. »*A 9 KitT. KJlT«)4«S^i|lfl|Ufc <) Ztl 

e. 4as©ttft^-y ki*hhs»**£bmi<d t-^ 

SfcStf. S*3^£ LT(*E*««»taSMiS (GM 
R) KRTO) h^-y^mtO. 14/Jm, i — K 
IHWHIiO. O7^m<0*a(0|f±^<y KgRttLTl^ 
fc<DT?fcS. EiskJB0>ltl8MI<^ KOfllj**, RftflMb 
*<1. 6T<BFe-Coiaffi (h^^fi: O. 15// 
m. O. 30/lm, O. 50//m, 1. O U m) i: L 
fc. KftES&tttffi&'s-v K<0X^-*»y*O. O 
2(/mtLT. E«ilS±t#1S:£S!]5ELfc„ t^-r*t<©siB 

[0 0 4 7] **l?*i<J>U&^y K<0«ft:^<Offig«a^ 
Wifcftl:, Ste##fttt (*— htt 
It: O/Wlttt) *»ISLfc. O/Wftttli, *r«tt* 
lC«J9IB®ffiffi (4 O 0 k F C I ) <D4t-9£#l^fc±f= 
«*8Ef8&lS ( 1 O 0 k F C I ) 0>«#£S:fcTKSL 
fc 4: £<DS«IEilS&g«#0>SH¥ttiis£- d B**1?«i| 
S-rSCtlCfcoTBffliLfc. H8IC. Fe-Niftl 
ttR (T(nm) , Co-Nb-Z r ttttfcR (T2n 
m) <0W*^I^^|C5 nm~2 0 0nm©l5ffl1?36<b* 

•ti-fcSiiMftEej«(*©)aiw (Ti=T 2 «)^tt:-es<b) 

io/W(D|««$*-r. 08fl>±»l=li, Z (Bsnr 
T m ) <D(S$#1i-r^Lfc. Z (Bs m - T m ) Ic 

I*. 8tt8<bR(&jfi< Idftltfcd* 20nm(DFe-5 



a t %T a - 1 0 a t %Ctt«tt«<»<I*«jf;**i-C^ 

•5. 

[0 0 4 8] B8^e.B^€)A^J:3|c. Eft'NfKWh 

»*0/WA<»€)*tSwi:A<»A>ofc. ttt*tE»&B£ 
LT#gfcO/W>3 0dBA<»t>;»l-5fctf>l::l*. Eft 
^ -y K««*m©iaS}Htfb ( B s h) . EftOT h5 2»^ 

« <Tw> kmm.m&te®m&c>#m\±mo>mmt&ft 

mitOlSHDmmt Lt, 0. 16Bsh-Tw^Z (B 
sm-Tm) *jSfc-rc:i:A<^-e*-5c:tA<»A\ofc. 
■r*^^»aMiS0>E8^-y Ktt*ejfc-CI*. IWtf 
«iBEAttftl=MfCL-CSlttt«(Ettttit:l=(4ia-4-««k 

{BttK«>nv t miamitoxz * £ mt -5 w t 

-e*-5. «&Eft«{*<B*li£¥Sfl:-r$fctol::fi. 
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